Objective-Tissue activation of proteolysis is involved in acute intramural rupture (dissections, acute ascending aortic dissection) and in progressive dilation (aneurysms, thoracic aneurysm of the ascending aorta) of human ascending aorta. The translational aim of this study was to characterize the regulation of antiproteolytic serpin expression in normal, aneurysmal, and dissecting aorta. Approach and Results-We explored expression of protease nexin-1 (PN-1) and plasminogen activator inhibitor-1 and their regulation by the Smad2 signaling pathway in human tissue and cultured vascular smooth muscle cells (VSMCs) of aneurysms (thoracic aneurysm of the ascending aorta; n=46) and acute dissections (acute ascending aortic dissection; n=10) of the ascending aorta compared with healthy aortas (n=10). Both PN-1 and plasminogen activator inhibitor-1 mRNA and proteins were overexpressed in medial tissue extracts and primary VSMC cultures from thoracic aneurysm of the ascending aorta compared with acute ascending aortic dissection and controls. Transforming growth factor-β induced increased PN-1 expression in control but not in aneurysmal VSMCs. PN-1 and plasminogen activator inhibitor-1 overexpression by aneurysmal VSMCs was associated with increased Smad2 binding on their promoters and, functionally, resulted in VSMC self-protection from plasmin-induced detachment and death. This phenomenon was restricted to aneurysms and not observed in acute dissections. Conclusions-These results demonstrate that epigenetically regulated PN-1 overexpression promotes development of an antiproteolytic VSMC phenotype and might favor progressive aneurysmal dilation, whereas absence of this counterregulation in dissections would lead to acute wall rupture. (Arterioscler Thromb Vasc Biol. 2013;33:2222-2232.)
P rogressive dilation of the thoracic ascending aorta, leading to aneurysm (TAA) formation, is a chronic pathology involving an imbalance between proteolytic degradation of the extracellular matrix (ECM) and compensating biological mechanisms of resistance to proteolytic injury. 1, 2 In contrast, type A dissections of the ascending aorta (AAD) are acute intramural ruptures occurring often in little dilated aorta. 3 TAA and AAD correspond, respectively, to a progressive or acute loss of the ability of the arterial wall to withstand the high pressure of the circulating blood. TAA and AAD share common pathogeneses, including monogenic diseases in young patients, 4 association with bicuspid aortic valves, 5 and degenerative forms in older patients. 3 Both TAA and AAD also share common pathological signatures, including vascular smooth muscle cell (VSMC) disappearance, 6, 7 areas of mucoid degeneration, 8 and degradation of collagen and elastic fibers. 9 We recently demonstrated that blood-borne plasminogen activation is involved in the degradation of adhesive glycoproteins in TAAs and is, therefore, possibly implicated in matrix metalloprotease activation, transforming growth factor (TGF)-β release 10 and VSMC disappearance. 11 Similarly, markers of activation of the fibrinolytic system, including D-dimers 12 and plasmin-anti-plasmin complexes, 13 are biomarkers in AAD. Therefore, blood-borne proteolytic activities, outwardly convected across the arterial wall, seem to be one of the common pathways of arterial wall injury, to which VSMCs respond by applying their capacity for functional and molecular plasticity. 14, 15 Several serine protease inhibitors (serpins), including plasminogen activator inhibitor-1 (PAI-1) and protease nexin-1 (PN-1), control the activity of the proteases of the plasminergic system. PN-1 is a newly recognized regulator of protease activities in the vascular wall. 16 It is a potent inhibitor of thrombin, urokinase-type plasminogen activator (u-PA), tissue-type plasminogen activator (t-PA), and plasmin. PN-1 is produced and secreted by VSMCs 17, 18 in the arterial wall. In contrast to highly diffusible serpins like PAI-1, PN-1 is a tissue antiprotease with the remarkable property of being retained by glycosaminoglycans at the cell surface or within the ECM, thereby being barely detectable in plasma. 19 In particular, we have shown that PN-1 protects VSMCs against plasmin-induced fibronectin degradation, cell detachment, and death. 20, 21 It is of major interest that the expression of these serpins (PAI-1 22 and PN-1 23 ) is controlled by the TGF-β1 signaling pathway, which is widely assumed to play a role in aneurysmal disease, although the exact mechanisms are still subject to debate. 24 Canonically, active plasmin releases ECM-entrapped TGF-β, 10 which stimulates the VSMC response, including fibronectin synthesis, connective tissue growth factor secretion, antiprotease release, and proteoglycan synthesis, via, at least in part, the Smad2 signaling pathway. 25 Therefore, despite the multiplicity of causes (including loss of function mutations of the TGF-β receptors), 26 TGF-β pathway activation is frequently observed in TAAs. 11, 27 More precisely, a common event in TAA is the activation and autonomization of the Smad2 pathway, downstream to the TGF-β receptors, characterized by accumulation of activated phosphorylatedSmad2 (pSmad2) in VSMC nuclei. 27 We recently reported that this phenomenon was controlled by the epigenetic reprogramming of the Smad2 promoter in VSMCs of the TAA wall. 28 Because the intramural generation of plasmin might play a major role in pathologies of the ascending aorta, including progressive dilation (TAA) and acute wall rupture (AAD), we raised the question of the biological differences between TAA and AAD and hypothesized that increased antiprotease expression could be involved. We explore here the expression of antiproteases, PN-1 and PAI-1, which are able to inhibit the activation of the fibrinolytic system in human TAA and AAD tissues and its impact on the VSMC response to pericellular plasminogen activation.
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Materials and Methods
Materials and Methods are available in the online-only Supplement.
Results
The clinical data associated with this series of patients are presented in Table 1 , and do not significantly differ from what we previously reported. 2 Sections of aortic media from control patients showed a normal arrangement in which VSMC layers were separated by prominent elastic lamellae, interconnected by a network of small elastic fibers, among collagen fibers and proteoglycans. No atherosclerotic lesions were observed (data not shown). As compared with normal aorta ( Figure 1A and A′), TAA and AAD presented common pathological features of mucoid degeneration ( Figure 1B , 1B′, 1C, and 1C′). Cell death detection ELISA, or terminal deoxynucleotidyl transferase mediated UTP nick end labeling (TUNEL), revealed the absence of apoptotic cells in controls ( Figure 1A″ ). TUNEL-positive cells were rare in TAA ( Figure 1B″ ) and were mainly present in the vicinity of mucoid degenerative areas. TUNEL-positive cells were more frequent in dissections (AAD) where they predominated in the vicinity of the false channel ( Figure 1C″ ).
PN-1 Is Overexpressed in Aneurysmal But Not in Dissected Media
In control aortas, immunostaining of PN-1 was weak and diffuse, always associated with VSMCs ( disorganization of the media was evident with the presence of areas devoid of VSMCs. PN-1 immunoreactivity was markedly increased ( Figure 2B ) and was still mainly associated with VSMCs as confirmed at high magnification ( Figure 2B′ ). Degenerative mucoid areas were consistently negative for PN-1. Immunostaining of PN-1 on AAD sections was similar to that observed in controls ( Figure 2C and 2C′). When analyzed by electron microscopy, PN-1 labeling was weak within the ECM and absent in the cytoplasm of normal VSMCs (not shown). In contrast, immunostaining was detected within the lumen of the Golgi apparatus, near the nucleus ( Figure  2D ), and in the rough endoplasmic reticulum ( Figure 2E ) of TAA VSMCs. Gold particles were also observed within cytoplasmic vesicles ( Figure 2D , inset), associated with the cell membrane or were localized in the pericellular space associated by affinity with the ECM. In accordance with immunohistochemical results, PN-1 mRNA ( Figure 2F ) and protein ( Figure 2H ) were found to be overexpressed in TAA compared with control aortic tissues. PN-1 was not detectable in aortic tissue-conditioned medium. Similar results were obtained for PAI-1, with an increase at both mRNA and protein levels ( Figure 2G and 2I) but, in contrast, diffusible PAI-1 was easily measurable in the conditioned medium. Increased PAI-1 protein levels were observed in TAA-conditioned medium compared with that of control aorta ( Figure 2J ). PN-1 and PAI-1 overexpression was equivalent, irrespective of the cause of the aneurysmal disease (data not shown). We confirmed that mRNA expression of both t-PA and u-PA was similarly significantly increased in TAA (1.41±0.41 and 2.94±0.56 AU, respectively) 11 and AAD (1.18±011 and 2.45±0.22 AU, respectively) as compared with controls (0.22±0.11 and 0.86±0.26, respectively; P<0.01), whereas PN-1 was specifically overexpressed in TAA (0.29±0.04 AU), but not in AAD (0.05±0.01 AU) as compared with controls (0.10±0.03 AU; P=0.1 versus AAD, P<0.001 versus TAA). Then, we quantified the expression of these factors of the plasminergic system in primary cultures of control and TAA VSMCs in which we assessed the expression of the canonical SM marker genes SMαA, SM22 and myosin, heavy chain 11 ( Figure II in the online-only Data Supplement). Staining for these SM marker genes confirmed that our in vitro model is a homogeneous population of VSMCs. In contrast with tissue extracts, in VSMC cultures, there was no difference in expression of t-PA (control: 0.24±0.11 AU versus TAA: 0.20±0.10 AU; NS) or u-PA (control: 0.14±0.12 AU versus TAA: 0.11±0.07 AU; NS) between control and TAA VSMCs. TGF-β did not modify t-PA and u-PA expression in VSMCs of either TAA or control origin (not shown). However, in AAD tissue, although expression of t-PA and u-PA was similarly increased as compared with controls, the expression of PN-1 ( Figure 3A ) and Smad2 (in aortic tissue extract or cultured VSMCs; Figure 3A ) remained unchanged compared with controls (P=0.9 and P=0.5, respectively), and AAD thus differed significantly from TAA (P<0001 and P<0.001, respectively). Quantification of positive pSmad2 nuclei in aortic tissue confirmed the mRNA expression data, showing a highly significant increase in pSmad2-positive nuclei restricted to TAA 27, 28 (51.30±2.50%), as compared with controls (7.25±3.01%) and AAD (6.37±6%; P<0 001; Figure 3B ). There was no difference in pSmad2-positive nuclear numbers between pathogeneses in TAA group (Marfan, 47.62±7.75%; bicuspidy, 52.18±6.06%; degenerative, 54.18±2.81%; NS). Similarly, the proportion of pSmad2-positive nuclei was significantly increased In tissue extracts, Smad2 mRNA levels were significantly increased in TAA as compared with controls and dissections (top), and this overexpression was conserved in primary vascular smooth muscle cell (VSMC) cultures (bottom; aortic tissue extracts, TAA: n=12; AAD: n=5; and control: n=10 and SMC cultures, TAA: n=8; AAD: n= 5; and control: n=6). B, Phosphorylated-Smad2 (pSmad2) immunostaining was very low in controls as compared with TAAs, irrespective of the cause. The numbers of pSmad2-positive nuclei were similar in AAD and controls and, therefore, very different from those of TAA (magnification, ×40; hematoxylin counterstaining. TAA: n=41; AAD: n= 25; and control: n=33 fields). These tissue data were confirmed in primary VSMC cultures showing a significant increase in pSmad2-positive nuclei in TAA VSMC as compared with AAD and control VSMC (P<0.001, n=33 for TAA; n=43 for AAD; and n= 47 fields for controls, in 5 primary cultures for each conditions). C, In contrast, there is no change in total transforming growth factor-β (TGF-β) secretion between groups. *P<0.05 and ***P<0.001. Figure 3B ). In contrast with PN-1, PAI-1 mRNA expression (control, 0.12±0.05 AU; TAA, 0.31±0.08 AU; and AAD, 0.25±0.07 AU) was increased both in TAA and in AAD compared with controls (P<0.001 and P<0.01, respectively), and thus did not significantly differ between TAA and AAD (P=0.1).
PN-1 and PAI-1 Overexpression in VSMCs From TAA Is Dependent on Smad2 activation
In control VSMCs, treatment with TGF-β1 increased PN-1 and PAI-1 mRNA ( Figure 4A and 4B). It is of major interest that, in TAA VSMCs, basal levels of PN-1 and PAI-1 were increased before stimulation compared with controls, indicating a constitutive overexpression of these serpins (P<0.05) and TGF-β1 addition did not induce any further increase in PN-1 expression. In these culture conditions, the active form of TGF-β1 was not detectable in serum-deprived culture media of VSMCs, originating from control, aneurysmal or dissecting aorta. Moreover, total TGF-β1 after acidification of culture media did not differ between control, aneurysmal and dissecting aortic VSMCs, or between VSMCs from TAA of the different pathogeneses (controls, 272.60±180.90; TAA Marfan, 461.80±250.30; bicuspid aortic valves, 583.90±324.50; degenerative, 243.20±82.01; dissection, 261.50±116.90 pg/mL; NS; Figure 3B ). In parallel, TGF-β1 mRNA expression was not significantly modified between VSMCs of TAA origin as compared with those from controls (TAA VSMCs, 0.65±0.39 versus 0.57±0.37 AU in control VSMCs; NS). Therefore, we can conclude that the constitutive overexpression of PN-1 in VSMCs of TAA origin is independent of TGF-β1.
In contrast, PAI-1 expression in aneurysmal cells was still sensitive to TGF-β1 but the induced increase was significantly less important in aneurysmal VSMCs than in controls. To determine whether the increased serpin expression was specific to the TGF-β1 pathway activation, we stimulated VSMCs with thrombin receptor-activating peptide known to differentially regulate the expression of PN-1 (downregulation) and PAI-1 (upregulation), 18 and to act independently of the Smad pathway (mitogen-activated protein kinases). Incubation with thrombin receptor-activating peptide induced downregulation of PN-1 and upregulation of PAI-1 expression, similarly in control and aneurysmal VSMCs (Figure 4A and 4B) . To further investigate the participation of Smad2 in the regulation of serpin expression, we performed transfection of small interfering RNA targeting Smad2 in TAA or control VSMCs and this resulted in a significant decrease in PN-1 expression ( Figure  4C ). Expression of PN-1 and PAI-1 induced by TGF-β1 was also blocked by Smad2 knockdown ( Figure 4B and 4C) providing compelling evidence of the involvement of Smad2 in the TGF-β1-induced regulation of PN-1 and PAI-1 expression in normal VSMCs.
PN-1 Overexpression in TAA Is Associated With the Recruitment of Smad2 on Its Promoter
We have previously observed and confirmed here ( Figure  3 ; Figure III in the online-only Data Supplement) an autonomous overexpression of Smad2 and its constitutive phosphorylation and activation in aneurysmal VSMCs. 28 Because we demonstrated that PN-1 and PAI-1 expression were both dependent on the Smad2 pathway, the expression profile of the 2 serpins in TAA highly suggests that their constitutive overexpression could be because of the increased recruitment of Smad2 on the PN-1 and PAI-1 promoters. Indeed, in silico analyses of the PN-1 and PAI-1 promoters revealed the presence of 1 putative Smad binding site on the PN-1 promoter (for sequences and localizations; Figure 5A and 5B) and 5 Smad consensus binding sites were identified on the PAI-1 promoter. Chromatin immunoprecipitation assays using an anti-Smad2 antibody showed a significant increase in the Smad2 enrichment on the PN-1 promoter in TAA aortic tissues ( Figure 5C ). Using several sets of primers targeting the total PN-1 promoter length between −1000 and +200 base pairs, we observed that Smad2 enrichment is strictly restricted to the region of the PN-1 promoter containing the Smad consensus binding site. Similarly, an increase in Smad2 enrichment was also observed on the PAI-1 promoter in TAA aorta as compared with control aorta ( Figure  5D ). These results provide evidence of a correlation between the increased expression of PN-1 and PAI-1 in TAA and the recruitment of Smad2 on their promoters. 
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Effect of PN-1 and PAI-1 Overexpression on Plasmin-Induced Apoptosis in TAA VSMCs
To investigate the effect of the Smad-dependent constitutive overexpression of PN-1 and PAI-1 in VSMCs from TAA, we analyzed plasminogen activation-induced VSMC detachment. Incubation with plasmin or plasminogen (zymogen) is known to induce anoikis in VSMCs, a process consisting of apoptosis caused by cell detachment. 21 Pericellular inhibition of plasmin or plasminogen activation was assessed by different methods. Plasminogen activation was first analyzed on the surface of VSMCs that were pretreated or not by TGF-β1 for 48 hours. In normal VSMCs, TGF-β1 treatment induced a dramatic decrease in plasmin generation, regardless of the TGF-β1 concentration used ( Figure 6A ). This effect was partially reversed by addition of antibodies blocking PN-1 or PAI-1, providing evidence that TGF-β1-induced PN-1 and PAI-1 overexpression counteracts plasminogen activation in VSMCs. We checked that no changes in mRNA levels of the plasminogen activators, t-PA and u-PA, occurred in response to TGF-β1 under the same experimental conditions (data not shown), showing that the effect of TGF-β1 on VSMC plasminogen activation mainly depends on serpin expression. In nontreated-aneurysmal VSMCs, the basal level of plasmin generation was significantly lower than that of control cells (P<0.01), and TGF-β1 treatment resulted in a further decrease in plasminogen activation ( Figure 6A ). Incubating plasmin (0.5 nmol/L) in the presence of normal VSMCs resulted in a decrease in plasmin activity as compared with the absence of cells ( Figure  6B ). This inhibition was increased when the VSMCs were pretreated with TGF-β1 and decreased in the presence of PN-1-blocking antibodies, demonstrating a role of PN-1 in this pericellular plasmin inhibition.
We then investigated the effect of plasminogen on control and aneurysmal aortic VSMCs in culture ( Figure 6C ). Direct incubation of plasminogen at both concentrations (500 and 1000 nmol/L) induced a significant decrease in adherence of normal VSMCs in culture, whereas no detachment was observed for TAA-derived VSMCs. These results correlated with the plasmin activity present in the VSMC supernatant A, Vascular SMCs (VSMCs) incubated with plasminogen. Normal and TAA-derived VSMCs were first incubated with transforming growth factor (TGF)-β1 (5 ng/mL) for 48 hours before treatment with plasminogen. Plasminogen activation was strongly inhibited by TGF-β1 treatment in normal VSMCs. In nontreated-aneurysmal VSMCs, the basal level of plasminogen activation was significantly lower than that of control VSMCs. In the TAA cells, TGF-β1 stimulation induced a further decrease in the generation of plasmin activity. Incubation of the cells with antibodies blocking protease nexin-1 (PN-1) and plasminogen activator inhibitor-1 (PAI-1) resulted in increased plasminogen activation. No effect was observed with an irrelevant antibody (not shown). B, Normal VSMCs were stimulated or not with TGF-β1 and incubated with plasmin (0.5 nmol/L). Plasmin activity was significantly inhibited by control cells as compared with the absence of cells, and further decreased when the VSMCs were pretreated with TGF-β1. The PN-1-blocking antibody partially restored plasmin activity, whereas no effect was observed with an irrelevant antibody (not shown). C, Normal or TAA-derived VSMCs were treated with or without plasminogen for 48 hours and the number of adherent cells was then assayed by colorimetry. Triplicate assays were performed for each condition, and results were expressed relative to the untreated control. Error bars: SEM values obtained after grouping results from 3 independent experiments. Plasminogen treatment induced detachment of normal VSMCs, whereas no detachment was observed for TAA-derived VSMCs (*P<0.05) at either plasminogen dose (n=3×3 for each condition).
(P<0.05). In contrast to normal VSMCs, no significant plasmin activity could be measured in TAA-derived VSMC supernatant, indicating that pericellular plasmin generation and subsequent hydrolysis of adhesive contacts mediated cell detachment.
The resistance to apoptosis was visualized using TUNEL staining. Exposure to plasmin induced an increase in TUNEL staining in normal VSMCs ( Figure 7A ). In contrast, no difference in staining was observed in aneurysmal VSMCs exposed or not to 10 nmol/L plasmin ( Figure 7B ). Incubation with a PN-1 blocking antibody abolished the resistance of aneurysmal VSMCs to plasmin-induced apoptosis and cell detachment, as demonstrated by the absence of VSMCs (4',6-diamidino-2-phenylindole and TUNEL staining; Figure  7C ). In contrast, neutralization of PAI-1 by a specific antibody had a limited effect on control and aneurysmal VSMCs (data not shown). PAI-1 thus seems to be a more dispensable factor compared with PN-1 in the protection against plasmininduced apoptosis.
Discussion
We previously reported that the fibrinolytic system is activated in vitro in contact with VSMCs 21 and in vivo in the arterial wall of chronic aneurysm of the ascending aorta.
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Unfortunately in this study, plasmin/plasminogen could not be reliably measured in samples of dissected aorta because of massive contamination by blood clotting and fibrinolysis in the false lumen. Moreover, risk factors are not entirely the same between TAA and AAD, differences that could influence the results. However, we were able to show overexpression of the plasminogen activators t-PA and u-PA in AAD, as in TAA, where such overexpression leads to an increased production of active plasmin in the aneurysmal wall. In parallel, we report that the constitutive overexpression and activation of Smad2 in TAA, which escapes TGF-β1 control, 28 were not observed in AAD at the tissue or cell level. PAI-1 and PN-1 are 2 serpins able to block the plasminergic system at different levels. Both are synthesized by VSMCs but they differ with respect to their physiology; compared with the diffusible PAI-1, readily detectable in plasma, PN-1 is mainly an intratissue serpin, associated with extracellular and intracellular proteoglycans and undetectable in plasma. 19 PN-1 is also highly expressed and secreted by activated platelets and thrombus formation, 16 a phenomenon which takes place in the false channel of AAD and thus could potentially contaminate the arterial wall at the protein level. There is general agreement that PAI-1 is protective against aneurysm development because of its antiprotease properties. Indeed, PAI-1 overexpression prevented the formation of experimental aneurysms, [29] [30] [31] and PAI-1 expression is decreased in the aneurysmal abdominal aorta wall as compared with control. 32, 33 In contrast, the expression and role of PN-1 have never been explored in aneurysmal diseases. We observed that the serpins, PAI-1 and PN-1, are chronically and constitutively overexpressed under the control of Smad2 in aneurysms of the ascending aorta but not in dissections. Because Smad pathway activation induces synthesis and secretion of ECM components, 34 including collagens, tropoelastin, fibronectin, proteoglycans, and antiproteases by VSMCs, it could be considered as a compensatory response to proteolytic injury, limiting damage and permitting chronic progressive evolution of dilatation rather than acute rupture. [35] [36] [37] Indeed, such a compensatory phenomenon seems to be absent in acute dissection.
The first observation of the present study is the importance of tissue PN-1 expression in the TAA wall compared with dissected and normal arterial wall and its close association with VSMCs, as demonstrated by immunohistochemistry, electron microscopy, and Western blot. This phenomenon could be, at least in part, because of the increases in PN-1 synthesis, but PN-1-protease complexes are actively removed from the extracellular environment by internalization via the low-density lipoprotein receptor-related protein 1, dependent or not on glycosaminoglycans. 38, 39 Therefore, the observed increase in tissue PN-1 could also be, in part, because of an increased clearance and an intracellular retention of PN-1-protease complexes. This endocytosis of PN-1 complexes by VSMCs probably explains our observations in electron microscopy: extracellular PN-1 in controls, extra-and intracellular PN-1 in TAAs. The latter was observed not only in the Golgi apparatus (increased synthesis) but also in intracytoplasmic vesicles.
Although the expression of PN-1 in renal and neural cells 23, 40, 41 is known to be regulated by TGF-β1, the effect of TGF-β1 on PN-1 expression in human VSMCs and the exact role of the Smad2 pathway have not been previously explored as extensively as for PAI-1 expression. 22, 42, 43 Here, we show that PN-1 expression in VSMCs is associated with the recruitment of Smad2. The dramatic effect of Smad2 knockdown on PN-1 expression provides compelling evidence for a major role of Smad2 in the regulation of PN-1 expression in aneurysmal VSMCs, and the epigenetic reprogramming of the Smad2 promoter previously described, 28 leading to constitutive Smad2 overexpression and activation in TAA, probably explains this observation. In contrast, the absence of overexpression and activation of Smad2 in AAD tissue and VSMCs is consistent with the lack of PN-1 overexpression in this pathology.
Our results show an increase in both mRNA and PAI-1 protein levels in TAA and of mRNA in AAD. The mitogen-activated protein kinases pathway in TGF-β1-stimulated SMCs can also induce PAI-1 expression. 44 This noncanonical TGF-β signaling pathway could account for the limited increase in PAI-1 expression observed in response to TGF-β treatment. The overexpression of PAI-1 mRNA in AAD could also be related to its postactivation de novo synthesis by platelets, 45 which are highly activated and aggregated in the false lumen of dissected aortic walls.
The activation of Smad2 is now well characterized in aneurysms of the ascending aorta. It is a common manifestation in all types of TAA, both syndromic and nonsyndromic. 27, 46 This activation is associated with a constitutive increase in Smad2 expression in VSMCs. 28 Smad2 expression is controlled by an epigenetic mechanism consisting of a modification in the histone code on the Smad2 promoter. The epigenetic regulation of Smad2 is characterized by its constitutive (TGF-β1 independent), heritable (conserved through mitosis), and VSMCspecific properties. 28 The expression and activation of Smad2 potentially cause important changes in the VSMC expression pattern leading to a modification of VSMC phenotype. Indeed, VSMCs possess plasticity, which allows them to modulate their phenotype in response to changes in environmental cues, such as mechanical stress, matrix integrity, and cell-matrix interactions. 47, 48 Importantly, we show in this study that the VSMC reprogramming, which occurs during aneurysmal development and progression, leads to the expression of serpins. Increased serpin expression in aneurysmal VSMCs constitutes a protective and antiapoptotic phenotype in vitro. Our data argue against the current idea of a unique deleterious effect of Smad2 activation in TAA, 49 suggesting that Smad2 activation could be a self-protective response developed by VSMCs during aneurysmal development.
In conclusion, this study has shown, for the first time, that PN-1 overexpression is one of the consequences of the epigenetic reprogramming of Smad2, which induces its overexpression and activation in human aortic VSMCs from TAA media as compared with controls and AAD. These phenomena seem to represent a response to the disease process (initial dilation and a change in mechanotransduction) 50, 51 rather than being involved in the pathogenesis of the disease. In contrast, overexpression of plasminogen activators occurs in both TAA and AAD and is not dependent on the epigenetic regulation of Smad2. Therefore in TAA, the VSMC reprogramming response involves PN-1 overexpression, leading to antiplasmin activity, and clearance of protease/antiprotease complexes by VSMCs, 15 probably limiting the risk of acute events by privileging a chronic progressive action of proteases. In contrast, when these responsive processes do not take place in VSMCs, the risk of acute dissection is enhanced. 
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